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© The present invention provides a method and an 
apparatus to facilitate feeding of electric signals, 
achieved in a defined area of medical electric envi- 
ronment, to and from auxiliary equipment, specifi- 
cally a so called Personal Computer (PC) (1), without 
the necessity that such an auxiliary equipment itself 
must fulfil the requirements necessary for use within 
said area of medical electric environment. The ap- 
paratus is comprising isolation means (3) having its 
own power supply which is approved for the medical 
electric environment according to the International 



Standard IEC 601-1, an electronic buffering device 
(6) connected to said CCD sensor (7) and multiwire 
cables (2,5) between the auxiliary equipment (1) and 
the isolation means (3) and the buffering device (6) 
and the isolation means (3), respectively, facilitating 
parallel signal communication, whereby these isola- 
tion means comprise a number of electromagnetic 
and/or optoelectric interfaces corresponding to the 
number of wires connecting the CCD sensor (7) and 
the auxiliary equipment (1) positioned in an area of 
non-medical electric environment. 
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The present invention relates to a method and 
an apparatus for electric safety of medical electric 
or electronic equipment and specifically for the 
safe electric protection of equipment for electronic 
dental diagnostic radiology by defining one envi- 
ronment for the medical electric equipment and 
another environment for other simultaneously con- 
nected auxiliary equipment and using an intermedi- 
ate electrically approved insulating unit forming a 
link between the two environments. 

Background of the invention 

In recent days the development of the Charge 
Coupled Device (CCD) normally utilized for exam- 
ple in video camera technique also has made it 
possible to apply such devices for radiology. In 
dental X-ray examination this is a very advanta- 
geous technique as the dental application is very 
easy adopted to this new branch of art. In the 
dental intraoral application there is only need for 
fairly small X-ray detector surfaces and conse- 
quently CCD sensors of reasonable available size 
may replace the ordinary piece of film put behind a 
tooth or the teeth of a patient subject to X-ray 
examination. Such a CCD sensor adapted for X-ray 
radiation is for example marketed under the name 
SENS-A-RAY® and manufactured by Regam Medi- 
cal Systems, Sundsvall, Sweden. 

One very important result of this is that it is 
then possible to immediately obtain an image on a 
screen without the otherwise time consuming nec- 
essary chemical processing of the exposed X-ray 
film by developing it in a darkroom or within a 
special light sealed device. 

Making use of the most recent state of the 
electronic art it is very advantageous to utilize 
some kind of computer equipment which is capable 
of receiving the electrical signals obtained from the 
CCD sensor when it is subjected to radiation by X- 
rays. Such a computerized equipment will have the 
potential to process the image data received from 
the CCD sensor to produce an image on a display 
as well as processing and storing images by 
means of standard mass storage devices. Such 
technique is for example disclosed in US-A-4 905 
265 by Coxet al. 1990. 

In other words this technique will be extremely 
well suited for the using of a standard Personal 
Computer (PC) commonly found on the market, 
and manufactured by many different companies. 
Such a device will be able to perform all the 
wanted functions in this respect. However there is 
an obvious drawback as most of these devices will 
in reality not be permitted for use within an area of 
defined medical electric environment. In other 
words a Personal Computer used in such an envi- 
ronment must primarily fulfil the demands of the 



International Standard IEC 601-1 (second edition) 
which concerns medical electric equipment and the 
particular requirements for safety even if the used 
CCD sensor package itself is primarily nonconduc- 
5 ting. 

Thus this is the main obstacle to be able to 
use such inexpensive computer equipment in this 
application due to the demand of electric approval 
for the using of such electric or electronic devices 

w within a medical electric environment. Standard 
PC:s does not possess such an approval as this 
implies additional costs in testing and production of 
the devices, which for standard computer use 
should result in too expensive equipment which will 

75 not be competitive in the general market. A series 
of such approved equipment for use within areas of 
medical electric environment will be small in quan- 
tity compared to standard equipment series and 
thus will be fairly expensive to the customer. 

20 Consequently there is a high demand for a 

method and an apparatus to facilitate the use of 
common market standard personal computers for 
the displaying, processing and storing of images 
produced by CCD-sensors utilized for dental in- 

25 traoral X-ray examinations. Such a system should 
still preferably rely on a base of wired connections 
to simplify the overall need of any additional equip- 
ment as well as simultaneously keep any induced 
interference to other adjacent equipments, such as 

30 radio receivers and the like, at a minimum. 

Description of the invention 

There is then an object of the present invention 

35 to provide a method and an apparatus to facilitate 
feeding of electric signals, achieved in a defined 
area of medical electric environment, to and from 
equipment, specifically a so called Personal Com- 
puter (PC), without to necessitate that such an 

40 equipment itself must fulfil all the requirements 
necessary for use within said area of medical elec- 
tric environment. 

There is another object of the present invention 
by means of isolation means having its own power 

45 supply which according to the International Stan- 
dard IEC 601-1 (second edition) is approved for 
use within an area of medical electric environment 
to provide an insulation between an area of medical 
and an area of non-medical electric environment. 

50 There is still another object of the present 
invention to by said isolation means, preferably 
positioned outside the defined area of medical 
electric environment, to provide an insulating inter- 
face to a CCD sensor within said area of medical 

55 environment for the transmission of electric signals 
from and to said CCD sensor to and from any 
electric or electronic facility such as a computer or 
the like outside said area of medical electric envi- 
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ronment. 

Yet another object of the present invention is to 
provide a multiline interface using discrete wires 
and/or optical fiber for parallel transmission of con- 
trol signals to the CCD sensor and electric data 
signals or image signals from the CCD sensor 
while still maintaining the defined border between 
said area of medical electric environment and the 
other area of non-medical electric environment. 

There is yet another object of the present 
invention to provide a simple arrangement from an 
area of medical electric environment, such as a 
dentist's chair or the like, having just one cable of 
suitable length connecting, via said isolation means 
having its own protected power supply, to the out- 
side area of non-medical environment where the 
display unit of the used standard PC presenting an 
image produced by the CCD sensor is positioned 
to be easy visible but not touchable by anyone or 
anything who may at the same time be in contact 
with a person subject to the CCD sensor during the 
treatment in a dentist's chair or the like. 

Brief description of the drawings 

Below the invention will in detail be described 
by referring to the enclosed drawings in which: 
Fig. 1 is a general illustration according to the 
present invention, of a defined area of medical 
electric environment and an area of non-medical 
electric environment. 

Fig. 2 is a block diagram of a power supply for 
connection to the public electric network accord- 
ing to a preferred embodiment of the present 
invention as illustrated in Fig. 1, 
Fig. 3 is a portion of a circuit diagram concern- 
ing the isolation unit in Fig. 1 using optoelectric 
interfaces according to the present invention. 

Detailed description of a preferred embodiment 

In figure 1 is demonstrated a preferred embodi- 
ment of the method and apparatus according to the 
present invention. The right side of figure 1 repre- 
sents a first area defined as medical environment 
containing a dentist's chair and a patient 8. The left 
side of figure 1 is showing a second area defined 
as non-medical environment and is primarily in the 
example embodiment containing an auxiliary equip- 
ment 1 constituting a standard Personal computer 
having a main unit 1a comprising a processor, work 
memory, storage facilities like a hard disc or a 
standard diskette station and a keyboard 1b and a 
display screen 1c. This computer is normally sup- 
plied by its own power cord 1d connected to a 
mains outlet. The computer 1 then constitutes 
equipment which most probably electrically is not 
approved for a medical environment and is there- 



fore positioned at a security distance from the 
dentist's chair within the defined medical environ- 
ment, for example, 3 meters to obtain a necessary 
safety distance. This distance between the equip- 
5 ment 1 and the person 8 in the dentist's chair, will 
imply that it is not possible for another second 
person, i.e. the dentist to simultaneously be in 
contact both with the equipment 1 and the patient 
8. 

w For X-ray intraoral examination of the patient's 
teeth the dentist wishes to make use of an CCD 
sensor 7 available within the defined area of medi- 
cal environment. This CCD sensor 7, which in the 
preferred embodiment constitutes a SENS- A- RAY® 

75 sensor manufactured by Regam Medical Systems, 
Sundsvall, Sweden, has to communicate with the 
computer equipment 1 to be able to create an X- 
ray image on the display screen 1c by means of 
the computer. This can not be accomplished by 

20 just connecting the CCD sensor 7 to the computer 
1 as that would infer introducing the non-medical 
electric environment onto the medical electric envi- 
ronment surrounding the patient. Equipment which 
is supposed to be positioned within the defined 

25 medical environment should conform to the Interna- 
tional Standard IEC 601-1, (second edition). 

Therefore according to the present invention a 
secondary equipment forming an isolation unit 3 is 
introduced, which by a cable 2 is connecting the 

30 computer 1 to an isolation unit 3, and by another 
cable 5 is connecting the isolation unit to the CCD 
sensor 7, in a preferred embodiment of the present 
invention, through a buffering device 6. Additionally 
the isolation unit 3 is having its own power supply 

35 P1 connected to a wall outlet via a mains power 
cord 4. In the preferred embodiment this power 
supply is integrated with the rest of the isolation 
unit, but could of course form its own entity which 
may be battery powered or powered from a mains 

40 outlet. This power supply when using line power is 
designed by taking into account the Clause 14, 
regarding "Class II Equipment" as well as the 
Clause 19, regarding "Type BF Equipment" of the 
IEC 601-1 to facilitate a unit which from this point 

45 of view would be allowable inside the defined area 
of medical environment regarding the particular 
electric requirements for safety of a patient. In the 
preferred embodiment the case of the isolation unit 
3 is a box of nonconducting material having no 

50 touchable metallic parts. Still according to the pre- 
ferred embodiment of the present invention the 
isolation unit is preferably kept out of the defined 
area of medical environment. 

Figure 2 is a simplified circuit diagram of the 

55 power supply P1 in the isolation box intended for 
the use of the public electric network, e.g., 115 or 
230 V AC. The power supply P1 comprises accord- 
ing to already established technique a transformer 
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12 having its input terminals 11a and 11b con- 
nected to the power cord 4 preferably via a power 
switch and a built in fuse (not shown) and elec- 
tronic circuits 14, 15 and 16 comprising standard 
rectifiers, resistors, capacitors and transistors or 
voltage stabilizing integrated circuits and producing 
the different voltages V + , V- and Vcc, respectively, 
at the outputs 17a through 17d of the power sup- 
ply. These different voltages are partly used for 
one side of the signal isolation circuits within the 
isolation unit 3 as well as partly fed to the buffering 
device 6 and/or the CCD sensor 7. The different 
voltages V+, V- and Vcc, respectively, are referred 
to a floating ground reference GND forming termi- 
nal 17c. The transformer 12 in the preferred em- 
bodiment is additionally having an electrostatic 
screen 13 to capacitively further separate the pri- 
mary and secondary circuits. The power supply P1 
of the preferred embodiment is making use of 
transformers like type 8782-0002 (230 V AC) or 
8782-0003 (115 V AC), manufactured by Tufvas- 
sons, Sigtuna, Sweden, and having insulation rat- 
ings of at least 4 kilovolts. 

Fig. 3 is demonstrating a portion of the isola- 
tion circuitry of the isolation unit 3. The left side of 
this circuit represents the side connected to cable 
5 in Fig. 1, while the right side of the circuit is 
connected to cable 2. The signal transmission de- 
vices in the preferred embodiment consist of op- 
tocouplers from which two sets are illustrated by 
IC1 and IC2, respectively. Integrated circuits IC1 
and IC2 are optocouplers having insulating ratings 
of 3 kilovolts like HCPL2631, manufactured by 
Hewlett Packard. 

The right side which is connected by cable 2 
to the computer 1 (Fig. 1) is receiving adequate 
voltage from the computer interface as indicated by 
terminals 31 (V'cc) and 32 (V'gnd). Terminals 33a 
and 33b indicate signal routes from the computer 1 
to the CCD sensor 7, while terminals 34a and 34b 
indicate signal routes from the CCD sensor 7 to the 
computer 1. 

The left side of the schematic diagram in- 
dicates the terminals 17a - 17d, (Vcc, V+, V- and 
GND) connecting to the power supply P1 (Fig. 2). 
Terminals 18a - d represent the supplying connec- 
tions going out to the buffering device 6 and/or the 
CCD sensor 7. Terminals 19a and 19b represent 
signal routes from the computer 1 to the buffering 
device 6 and/or the CCD sensor 7, while terminals 
20a and 20b being signal routes from the buffering 
device 6 and/or the CCD sensor 7 to the computer 
1 . The input terminals 33a and 33b from the com- 
puter 1 are current limited by resistors R7 and R8, 
respectively, and equally the input terminals 20a 
and 20b from the buffering device 6 and/or CCD 
sensor 7 are current limited by resistors R5 and 
R6, respectively. Resistors R1 and R2 serve as 



pull-up resistors at the outputs 19a and 19b of IC1, 
while R9 and R10 serve as pull-up resistors at the 
outputs 34a and 34b of IC2. Resistors R3 and R4 
constitute current limiting resistors for the output 

5 terminals 19a and 19b of IC1. In the preferred 
embodiment resistors R1 through R10 are standard 
1/8 W resistors of 390 ohms. The arrangement of 
resistors is a function of the logic levels expected 
at the computer 1 , respectively the buffering device 

w 6 and/or the CCD sensor 7. 

In the preferred embodiment all signals are 
transferred in parallel. This is accomplished by 
providing sixteen optocoupled channels in the iso- 
lation unit of which 4 channels are in the direction 

75 from the computer towards the CCD sensor for 
control and 12 channels are in the direction from 
the CCD sensor towards the computer carrying for 
example image information. Still any number of 
channels may be utilized. In a second embodiment 

20 where serial transmission is utilized which normally 
requires only one channel in each direction, but 
increasing the complexity especially of the buf- 
fering device 6 as well as the interface of the used 
SENS-A-RAY® sensor built into the computer 1. 

25 This built in specially designed interface normally 
utilizes parallel communication. 

In a third embodiment a combination of wires 
and optical fibers is utilized resulting in extremely 
good signal transmission capabilities using serial or 

30 parallel transmission, but also at the cost of com- 
plexity of both the buffering device as well as the 
isolation unit. In the preferred embodiment the buf- 
fering device comprises simple integrated buffer 
circuit known to a person skilled in the art and are 

35 not further discussed. The buffering device creates 
primarily an interface to the more flexible cable 
used between the buffering device 6 and the CCD 
sensor 7 as this is a thin cable of a short but 
convenient length. In the cable 5 of the preferred 

40 embodiment each wire is separately shielded to 
obtain good crosstalk characteristics as this cable 
will be of a significant length when considering the 
parallel signal transmission. The strategy of using a 
buffering device and utilizing a more heavy cable 

45 from the buffering device to the isolation unit which 
then may be positioned at the most suitable place 
is considered the best mode of operation. Integrat- 
ing the power supply P1 and the isolation unit 3 
reduces the cabling to minimum. 

so By the arrangement thus disclosed cable 2 is 
insulated from cable 5 in the sense of ohmic con- 
tact signal routes and simultaneously also cable 5 
is insulated in the sense of ohmic contact from 
cable 4 connected to the mains power. This is also 

55 indicated by the gaps in the electric routes in the 
illustration of the isolation unit 3 in Fig. 1. The 
arrangement provides the possibility to use equip- 
ment like the computer 1 connected to electric or 
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electronic equipment within the medical environ- 
ment without corrupting the medical electric envi- 
ronment and consequently any inexpensive com- 
puter equipment may be used for the processing, 
displaying and storing of image data from the CCD 
sensor 7 used for dental X-ray intraoral examina- 
tion. Remote control of the computer may addition- 
ally easily be obtained using for example standard 
ultrasonic or IR equipment, whereby the most im- 
portant basic functions of the computer easily will 
correspond to just the pressing of a single knob. 

Claims 

1. A method for separating an encapsuled CCD 
sensor used in a room for dental or medical 
care forming a first area of medical environ- 
ment for creating an X-ray image on a display 
belonging to auxiliary equipment, specifically a 
Personal Computer or the like, not approved 
for use within said area of medical electric 
environment, characterized in 

- defining a first area of medical electric 
environment and defining a second area 
of non-medical electric environment 
spaced at least by a distance which 
makes it impossible for a first person 
within said first medical electric environ- 
ment to simultaneously touch any elec- 
tric equipment of said second non-medi- 
cal electric environment and a second 
person subject to medical or dental care 
within said first area of medical electric 
environment, 

- providing a first cable connecting the 
CCD sensor, preferably via a buffering 
device, 

- providing isolation means and a second 
cable connecting said isolation means 
with said auxiliary equipment not ap- 
proved for use within said area of medi- 
cal environment. 

- providing protected supply voltages for 
the buffering device and/or the CCD sen- 
sor, 

- electrically floating said CCD sensor by 
said isolation means, whereby said isola- 
tion means itself is powered by a sepa- 
rate power supply, which is approved, 
according to the International Standard 
IEC 601-1, for such a medical electric 
environment as said first medical electric 
environment, 

- providing within said isolation means 
non-ohmic contact interfacing between 
said first cable and said second cable by 
using electromagnetic and/or optoelectric 
transmission of the signals carried by 



said first and second cables, respective- 
ly. 

2. The method according to claim 1, character- 
5 ized in providing a suitable length of cable 

from said CCD sensor or buffering device to 
the input terminals of said isolation means to 
preferably be able to position said isolation 
means outside the defined first area of medical 
w electric environment. 

3. The method according to claim 1 or 2, char- 
acterized in providing numerous, preferably 
shielded, wires within said first and second 

75 cables and at least a corresponding number of 

non-ohmic interfaces within said isolation 
means to provide parallel transmission of con- 
trol signals to said buffering device and/or said 
CCD sensor and data signals forming image 

20 information from said CCD sensor from and to 

said auxiliary equipment for processing, dis- 
playing and storing said image information. 

4. An apparatus for separating an encapsuled 
25 CCD sensor used in a room for dental or 

medical care forming a first area of medical 
environment for creating an X-ray image on a 
display belonging to an auxiliary equipment, 
specifically a Personal Computer or the like, 
30 not approved for use within said first area of 

medical electric environment, characterized 
in 

- a first cable and a second cable, 

- isolation means having an own power 
35 supply which is approved for a medical 

electric environment according to Inter- 
national Standard IEC 601-1, and prefer- 
ably an electronic buffering device con- 
nected adjacent to said CCD sensor, 
40 whereby the CCD sensor or the buffering 

device is connected to one end of said 
first cable, 

- that the other end of said first cable is 
connected to one side of said isolation 

45 means while the other side of the isola- 

tion means is connected to a first end of 
said second cable whereby the other end 
of said second cable is connected to 
said auxiliary equipment positioned in an 

so defined area of non-medical electric envi- 

ronment. 

5. The apparatus according to claim 4, char- 
acterized in that said isolation means offering 

55 protected supply voltages for the buffering de- 

vice and/or the CCD sensor, and that said 
isolation means offering electrically floating 
inputs/outputs for said first cable by means of 
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electromagnetic and/or optoelectric interfaces 
between said first cable and said second ca- 
ble, thereby forming a link between said areas 
of medical and non-medical electric environ- 
ment, respectively. 5 

6. The apparatus according to claim 5, char- 
acterized in that said first and second cable 
are providing numerous, preferably shielded, 
wires to facilitate parallel signal communication w 
between said CCD sensor and said auxiliary 
equipment, whereby said first cable preferably 

is of a length to permit positioning of the 
isolation means outside said first medical elec- 
tric environment. 75 

7. The apparatus according to claim 5, char- 
acterized in that a part of said first cable is at 
least one optic fiber to facilitate high speed 
signal communication between said CCD sen- 20 
sor and said auxiliary equipment, whereby said 

first cable preferably is of a length to permit 
positioning of the isolation means outside said 
first medical electric environment. 

8. The apparatus according to any of claims 4 to 
7, characterized in that said isolation means 
is comprising a transformer according to Inter- 
national Standard IEC 601, second edition, par- 
ticularly regarding protection against electric 30 
shocks hazards and continuous leakage cur- 
rents and that said transformer preferably is 
providing an electrostatic screen between said 
primary and secondary windings. 

35 
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